Background
Foot-and-Mouth Disease Virus (FMDV) is a causative agent of foot and mouth disease, a highly contagious disease adversely affecting milk and meat-producing animals around the world, particularly in developing countries (1). The G-H loop of VP1 capsid protein of FMDV, covering residues 134-158, has been reported by many researchers as the main immunogenic site for neutralizing antibodies (2) . Moreover, it is well known that flanking regions of G-H loop enhances its potential as recombinant vaccine by virtue that they contain B cell and T helper cell epitopes (3) . Current vaccines against FMD are primarily based on the application of attenuated virus. This method, although proved to be effective for prevention of the disease, is costly and risky by the virtue that manipulation of massive amounts of virulent virus could result in virus dissemination. Furthermore, cold chain requirements and need for specialized medical personnel for inoculation put more limitations on this method (2) . Therefore, production of plantbased recombinant vaccines against FMDV has been attempted by many investigators during recent years (1, 2, 4) .
Application of green plants as bioreactors for production of recombinant proteins has emerged as a promising biotechnological tool over the past two decades. Many investigators have conducted extensive experi-ments for the production of recombinant plant-based vaccine against a wide range of bacterial and viral disease (5) . However, the technique suffers from major drawbacks such as low expression level and long time required for the production of the recombinant protein in plant tissues (6) . Many strategies have been proposed for the enhancement of recombinant protein expression including; chloroplast transformation (7), use of strong promoters (8) , untranslated leader sequences (9), signal peptide (10), codon optimization (6) . The Long time required for the generation of transformed plants expressing foreign antigens is another limitation for the production of recombinant proteins (11) . Transient gene expression methods are appropriate alternatives to stable transformation because they allow for a rapid and inexpensive expression of foreign gene(s) in plant tissues (12) . This method can be carried out in many ways including protoplast transformation (13) , vacuum infiltration (13), agroinfiltration (14) and particle bombardment (15) .
Among the techniques, agroinfiltration takes advantages of a simple, cost effective and rapid procedure. In agroinfiltration, the suspension of Agrobacterium tumefaciens harboring the gene(s) of interest is infiltrated into plant leaves using a needle-free syringe. This technique has been carried out in a variety of plants (16, 17) with different experimental purposes (18) . However, there have been few reports on production of recombinant vaccines in plant systems via transient gene expression. The main reason is that transient gene expression assays are not as appropriate as stable transformation for production of recombinant vaccines (4, 5, 16) . However, recombinant antigens produced via transient gene expression can be used for the production of specific antibodies, which can then be used in diagnosis and molecular detection processes (19) . Moreover, transient expression assay can be carried out as a quick method to investigate efficiency of a candidate antigen for inducing immunogenic response in animal models (19, 20) . Time course required for antigen production via agroinfiltration (and other types of transient gene expression) is significantly shorter than that of stable transformation (14) .
In this study, we investigated the production of an immunogenic recombinant antigen of FMDV by agroinfiltration of tobacco leaves. The gene construct is composed of a DNA fragment encoding 129-169 amino acids of VP1 capsid protein which includes G-H loop and its flanking regions. Moreover, a ribosome binding site called Kozak and an endoplasmic reticulum (ER) signal peptide called SEKDEL were also included in gene construct.
Objectives
Agrobacterium-mediated transient gene expression assay was carried out for expression of Foot and Mouth Disease (FMD) coat protein in tobacco plants. The main goal of this investigation was to evaluate agroinfiltration as an effective and quick method for production of recombinant antigen of FMD. The expressed antigen can be used as a potential recombinant vaccine or, more realistically, as a valuable source for production of specific antibody for application in veterinary diagnosis or molecular detection processes.
Materials and Methods

Construction of Expression Cassette
DNA encoding 129-169 amino acids of VP1 capsid protein was designed as the main part of expression cassette. A ribosome binding site, Kozak sequence GCCACC, was introduced prior to the start codon. This sequence has been reported to enhance translation efficiency (21) . An endoplasmic reticulum signal peptide called SEKDEL, which has been reported to increase recombinant protein accumulation in plant tissues (22) , was attached to 3' end just before stop codon. Start codon (AUG) and stop codon (UAA) were also added into the 5' and 3' ends of the construct, respectively. Recognition sites of BamHI and SacI restriction enzymes were introduced into the 5' and 3' ends of the synthetic gene, respectively. The resulted chimeric gene was optimized based on codon usage pattern of tobacco taken from http://www.kazusa. or.jp/codon/. The optimized chimeric gene was cloned into the pGem-T Easy vector (Bioneer, South Korea). The native sequence of the coding region was GTTTATAATGGAAATTGTAA GTATGGA-
GAGCTATTAAG, which after optimization was changed into GTTTACAACGGGAACTG-CAAGTATGGCGAG AACCCCGTGACCAAT-GTGAGGGGTGACCTGCAAGTGCTGGCCCA G AAGGCGGCAAGAACGCTGCCTACCTC-CTTCAACTACGGTGCCATCAAA (the replaced nucleotides are underlined).
Construction of Binary Vector
The synthetic VP1 gene was removed from pGem-TEasy vector by digestion with BamHI and SacI and was inserted into the binary vector pBI121, yielding pBI121-VP1 vector ( Figure 1 ). The ligation reaction mixture was used to transform E. coli strain DH5-α and kanamycin-resistant colonies were isolated after overnight incubation at 37°C. After amplification, the plasmid was extracted from bacterial cells using alkaline lysis method. The plasmid was introduced into Agrobacterium tumefaciens strain GV3101 by heat shock method. Transformed cells were screened by kanamycin-resistance and PCR.
Plant Transformation via Agroinfiltration
A single colony of Agrobacterium containing pBI121-VP1 plasmid was cultured for 48 h in LB medium (NaCl 10 g/L, yeast extract 5 g/L, tryptone 5 g/L) supplemented with gentamicin 10 mg/l, rifampicin 50 mg/L and kanamycin 50 mg/L. After reaching a cell density of OD 600 =1.5, the culture was centrifuged, supernatant was discarded and the pellet was resuspended in infiltration medium (10 mM MgCl 2 , 10 mM MES pH 5.6, and 150 μM acetosyringone) , adjusted to OD 600 =0.5. The suspension was then incubated for 2 h at room temperature. before being transferred to tobacco leaves with a needle-free syringe (Figure 2 ), as described by Sparkes et al (23) . Tobacco plants were placed in growth chamber for three days under 25ºC before being analyzed.
Detection of VP1 Gene in Transformed Leaves
PCR analysis was performed to evaluate presence of foreign gene in leaf tissue of transformed tobacco plants. Genomic DNA was extracted from the leaf tissues of transgenic plants and used as template for PCR analysis, using specific primers. The sequence of forward and reverse primers were 5' ATGGAAATTGTAAGTATGGAGA 3' and Genomic DNA of wild type plants was used as negative control. PCR was carried out as follow: based on the following teperature profile: 94ºC 1 min, 58ºC 1 min, 72ºC 2 min for 30 cycles.
Real Time PCR Assay
Real Time PCR assay was performed to analyze gene expression at transcription level. Total RNA was extracted from infiltrated leaf tissue and complementary DNA (cDNA) was synthesized via reverse transcription using oligo(dT) 20 primer. The resulting cDNA mixtures were used as templates for Real Time PCR. Expression of the synthetic gene was quantitatively analyzed using a Real-Time PCR system (BioRad). Real Time PCR was carried out in a 20 μL reaction volume containing 0.5 μM of each primer and 10 μL of SYBR Green Real time PCR master mix. Quantitative Real Time PCR experiments were performed in duplicate for each sample. Forward and reverse primers for Real Time PCR were 5' ATG-GAAATTGTAAGTATGGAGA 3' and 5' ATTAAAAGAAGTTGGAAGAGTT 3', respectively.
Protein dot blot assay
Production of recombinant VP1 protein in transgenic leaves was evaluated by standard protein dot blot assay. Briefly, 5 μL of protein samples from infiltrated leaves was dotted on the membrane and the membrane allowed to get dried. The membrane was incubated with BSA as blocking solution for 1 h. After incubation, the membrane was incubated with primary antibody for 1 h in 37ºC, washed three times with PBST/PBS and again incubated with secondary conjugated antibody for 1 h in 37ºC. The membrane was washed three times with PBST/PBS and incubated with OPD (OrthoPhenylenediamine) substrate. A small volume of FMDV vaccine serotype O (about 5 μL) was used as positive control and the same volume of protein obtained from wild type plant was used as negative control.
Enzyme-Linked Immunosorbent Assay (ELISA)
Expression of the foreign gene was further evaluated by ELISA assay. ELISA plate was coated with total soluble proteins from the wild type and the transformed plants and known FMDV VP1 antigen at 37°C for one h; followed by incubation with 1% bovine serum albumin (BSA) in PBS for 2 h at 37°C to prevent non-specific binding. The wells were washed by PBST/PBS and incubated with antiserum reactivated against FMDV (1:1000 dilutions) and then alkaline phosphatase conjugated with anti rabbit IgG (1:1500). Wells were developed with TMB substrate; the color reaction was stopped by 2N H 2 SO 4 and read at 405 nm of wavelength.
Results
Tobacco leaves were transformed via agroinfiltration. Presence of the expression cassette was evaluated by PCR analysis. Figure  3 shows the result of PCR test. Excepted band was observed for the DNA sample of transformed leaves, but not for the wild type plant.
Expression of VP1 was evaluated at transcription level using Real Time PCR. Three samples of transformed plants were used for Real Time PCR. Results showed that the foreign gene was transcribed in infiltrated leaves (Figure 4 ). Translation of VP1 gene was evaluated by protein dot blot assay. Dot blot results confirmed expression of the foreign gene at translation level, whereas no signal was observed for wild type plants ( Figure 5) .
Expression of the recombinant protein was further quantitatively measure by ELISA ( Figure 6 ) The production of the recombinant protein was quite high in transgenic leaves. In contrast, no strong signal was observed for non-transformed plants.
Discussion
Low level of gene expression in stable transformation experiments is a major obstacle for production of recombinant proteins in green plants. The time required for the generation of transgenic lines is another issue in stable transformation (24) . An approach to address these limitations is application of transient gene expression assays. Although transient expression is not the preferred method for commercial production of recombinant vaccine in plants, the antigens produced in this procedure can be used for the production of specific antibodies required in molecular diagnosis (19) . Moreover, this method makes it possible to evaluate efficacy of a potential recombinant vaccine in a short time (20) .
In the present study, tobacco leaves were transiently transformed with a chimeric construct of VP1 gene via agroinfiltration. The method has been reported as an efficient and rapid procedure for transient gene expression in plants (25) .
Our data demonstrated that agroinfiltration can be a fast and efficient way to produce FMDV antigens in intact plants. As confirmed by Real Time PCR assay, transient expression level of the transgene was fairly high, similar to earlier reports (14, 16, 26) . As can be seen from dot blot assay, the protein sample obtained from transformed leaves generated a strong signal which is comparable to that of positive control (a common FMD vaccine); whereas protein of wild type plant was not detectable. Enhanced expression of VP1 in tobacco leaves is more obvious in ELISA assay which quantitatively measures expression of the recombinant vaccine. Slight absorbance observed in wild type plant is probably due to unwanted cross reactions between protein samples and specific antibodies.
Most of the works in the field of transient antigen expression in plant hosts have been conducted by means of plant viruses as vehicle for gene delivery and expression, in which the epitope of interest is usually inserted within the coat protein gene (27) . This method has proved to be an efficient and rapid way for production of recombinant protein in plants but suffers from the limitation that construction of viral vector for expression of foreign protein is much laborious and time-consuming. Moreover, when the size of foreign gene exceeds a certain threshold, efficiency of the viral vector is reduced (28) . In contrary, genes with large size can be efficiently expressed in plants via Agrobacterium-mediated genetic transformation (16) .
Our results emphasize the efficiency of Agrobacterium-mediated transient gene expression assay as a fast method for production of foreign antigens in plant systems. A major advantage of the method is that the recombinant antigen can be produced within a short period. The produced recombinant antigens can be used for production of specific antibodies, which can be used in molecular detection and diagnosis (19, 29) . Furthermore, the method is a fast approach to test efficiency of novel vaccine candidates in inducing immunogenic response in animal models (19, 20, 29, 30) .
Here, CaMV 35S promoter, Kozak sequence, ER signal peptide were used and codons were optimized to enhance gene expression, similar to previous reports (8, 10, 28, (31) (32) (33) (34) (35) (36) . Although a good level of transgene expression was achieved in our experiment, it should be mentioned that the results cannot be confidently attributed to the presence of these factors. Since, their influences on the foreign gene expression were not evaluated. Approving a connection between these factors and the expression level of the VP1 antigen requires further investigation.
